Volume 36

Issue 7

Article 12

7-20-2021

Promoting Construction of Zero-direct Discharge Engineering for
Agricultural Wastewater from Paddy Fields in Yangtze River Delta
Region
Xinqiang LIANG
College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China,
liang410@zju.edu.cn

See next page for additional authors

Recommended Citation

LIANG, Xinqiang; YANG, Jiao; HE, Shuang; LIU, Boyi; LI, Jianye; XU, Xiangyang; and FU, Bojie (2021) "Promoting Construction of Zero-direct Discharge Engineering for Agricultura
from Paddy Fields in Yangtze River Delta Region," Bulletin of Chinese Academy of Sciences (Chinese Version): Vol. 36 : Iss. 7 , Article 12.
DOI: https://doi.org/10.16418/j.issn.1000-3045.20210429001
Available at: https://bulletinofcas.researchcommons.org/journal/vol36/iss7/12

This S & T and Society is brought to you for free and open access by Bulletin of Chinese Academy of Sciences
(Chinese Version). It has been accepted for inclusion in Bulletin of Chinese Academy of Sciences (Chinese Version)
by an authorized editor of Bulletin of Chinese Academy of Sciences (Chinese Version). For more information, please
contact lcyang@cashq.ac.cn, yjwen@cashq.ac.cn.

Promoting Construction of Zero-direct Discharge Engineering for Agricultural
Wastewater from Paddy Fields in Yangtze River Delta Region
Abstract
The Yangtze River Delta region is an important commodity grain production area in China, but has been
suffering from agricultural non-point source pollution issues in recent years. This study puts forward a
suggestion on promoting the construction of zero-direct discharge (ZDD) engineering for agricultural
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principles, design requirements, mode selections, investment cost, and expected ecological economic
benefits of the ZDD engineering. It is expected to provide decision support for China to mitigate the nonpoint source pollution and enhance agricultural green development.
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Agricultural non-point source pollution has become a
worldwide problem in the environmental field [1,2] due to its
large amount, wide range, and difficulty to control. In recent
years, China’s agricultural non-point source pollution has
become increasingly severe. The Second National Pollution
Source Census Bulletin published on June 8, 2020 shows that
the nitrogen and phosphorus from agricultural sources account for 46.5% and 67.2% of water nitrogen and phosphorus
①
content, respectively , posing a serious threat to China’s
aquatic ecosystems.
As a rich agricultural economic development region in
China, the Yangtze River Delta carries two national strategies
of rural revitalization and regional integrated development of
the Yangtze River Delta. The implementation of the national
strategies provides a great opportunity for the region to fight
the battle against agricultural pollution and to construct
ecological civilization. In recent years, remarkable achievements have been attained in the prevention and control of
water pollution in the Yangtze River Delta region, while the
agricultural non-point source pollution [3] has attracted wide
attention from social circles. In terms of cropping structure,
paddy field is not only an important ecological barrier in the
water–land interlaced zone of the Yangtze River Delta region

but also the main output source of agricultural non-point
source pollution in the region [4,5]. Since the Yangtze River
Delta is a pilot region for sustainable agricultural development, it is necessary to carry out the construction demonstration and promotion work of zero-direct discharge (ZDD)
engineering for agricultural wastewater from paddy fields.
The work should be completed based on the local conditions
and ensure the concentrations of pollutants in important water
quality monitoring sections to be always up-to-standard.

1 Policy adaptability of promoting the construction of ZDD engineering for agricultural
wastewater from paddy fields in the Yangtze
River Delta region
The treatment of agricultural non-point source pollution is
an important starting point for the implementation of Xi
Jinping’s thoughts on ecological civilization and a hot spot of
the Central No. 1 Documents over the years. The State
Council and Ministries have issued plans and guiding documents for the treatment of agricultural non-point source pollution. The construction of the ZDD engineering for agricultural
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wastewater from paddy fields is a part in the prevention and
control of agricultural non-point source pollution, and it conforms to the national and local policies in this field.
In the report of the 19th National Congress of the Communist Party of China, General Secretary Xi Jinping points
out that it is necessary to establish and practice the concept
that clear waters and green mountains are as good as mountains of gold and silver; to strengthen the prevention and
control of agricultural non-point source pollution and carry
out the rural living environment improvement initiative; to
promote the formation of the new modernization pattern with
harmony between human and nature. The Central No. 1
Documents issued from 2015 to 2021 repeatedly proposed to
strengthen the effort and expand the pilot scope of the
treatment of agricultural non-point source pollution, and pay
special attention to the treatment along the Yangtze River
Economic Belt.
The State Council and ministries have released relevant
documents about the specific measures for the prevention and
treatment of agricultural non-point source pollution. The
National Agricultural Sustainable Development Plan
(2015–2030) issued by the State Council specifies to comprehensive strengthen the prevention and control of agricultural non-point source pollution, and construct ecological
ditches, sewage purification ponds, and other facilities to
①
purify farmland drainage and surface runoff . The Action
Plan for Prevention and Control of Water Pollution released
by the State Council in April 2015 proposed to arrange
aquatic plant communities, grids, and permeable dams for the
existing ditches, ponds, and cellars and to build ecological
ditches, sewage purification ponds, surface runoff storage
tanks and other facilities to purify farmland drainage and
surface runoff in vulnerable areas and large and medium
②
irrigation areas . The Implementation Opinions of the
Ministry of Agriculture on Fighting the Tough Battle against
Agricultural Non-point Source Pollution released subsequently also points out to carry out a batch of demonstration
projects (such as the interception of farmland nitrogen and
phosphorus) in key river basins and regions and formulate
new technologies, new modes, and new products for the
prevention and control of agricultural non-point source pol③
lution The National Development and Reform Commission, Ministry of Ecology and Environment, Ministry of
Agriculture and Rural Affairs, Ministry of Housing and

Urban-Rural Development, and Ministry of Water Resources
jointly formulated the Guidelines on Accelerating the
Treatment of Agricultural Non-point Source Pollution in the
Yangtze River Economic Belt in November 2018. The
guidelines proposed to (1) vigorously develop water-saving
agriculture to improve the utilization efficiency of irrigation
water; (2) strengthen the monitoring and management of
irrigation water quality and prohibit the use of untreated
industrial and urban sewage for irrigation; (3) build ecological buffer zones, ecological ditches, and surface runoff
storage and recycling facilities with the existing ditches,
ponds, and cellars to intercept and remove organic pollutants
in farmland wastewater and rural domestic sewage, thereby
④
purifying farmland wastewater and surface runoff .

2 Importance of the construction of ZDD
engineering for agricultural wastewater from
paddy fields in the Yangtze River Delta region
Paddy field is the most important type of farmland in the
Yangtze River Delta region (Figure 1). The paddy fields
dominated by rice cultivation in the Yangtze River Delta
region cover a total area of 8.070 4 million hectares, and most
of them are connected with river networks. Water drainage
behaviors such as artificial drainage and rainfall runoff occur
during the main growth stages (late tillering stage and
grain-filling stage) of rice. Accompanied by these behavoirs,
nutrients such as nitrogen and phosphorus easily run off,
causing eutrophication in ponds, rivers, and lakes around the
paddy fields. In Jiaxing, a city with a medium gross domestic
product (GDP) level in the Yangtze River Delta region (Figure 2), the 5-year average nitrogen and phosphorus losses of
paddy field drainage per hectare are 36.5 kg and 0.78 kg,
respectively [6]. Based on the average values, the annual average loss of nitrogen and phosphorus from paddy field
drainage in the Yangtze River Delta region can reach 295 000
and 6 295 tons, respectively. Therefore, ZZD engineering of
wastewater from paddy fields is of great significance for
alleviating the pressure of nitrogen and phosphorus pollution
in the Yangtze River Delta region.
The construction of the ZDD engineering for agricultural
wastewater from paddy fields will make full use of the geo
graphical advantages of paddy fields, ditches, and wetlands
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that meet the actual conditions of rural areas. Moreover, it
applies eco-friendly engineering measures such as adapting
measures to local conditions, optimizing the combination of
ecological ditches, storage ponds, and wetlands, and ecological restoration. The ZDD engineering for agricultural
wastewater from paddy fields will become an important
propeller for the construction of ecologically livable and
beautiful rural areas in the Yangtze River Delta region in a
new era.

3 Basic principles of the construction of ZDD
engineering for agricultural wastewater from
paddy fields

Figure 1 Distribution of paddy field and dry land in the Yangtze
River Delta region

in the area. It will explore the ecological engineering technologies and modular ecological transformation techniques

Figure 2
region

(1) Carrying forward the plan according to laws and regulations. The construction of the ZDD engineering should
comply with the laws, regulations, and standards related to
natural resources and environmental protection as well as the
ecological conservation redlines. Factors such as farmland
irrigation and water conservancy, pollution interception, and
ecological safety should be comprehensively considered. The
design, construction, acceptance, management, and interception of substrate for recycling utilization should be well
connected to form a unified, complete, green, collaborative,
and efficient sustainable operation system.
(2) Adjusting measures to meet local conditions and to be
economically feasible. Local characteristics, meteorological
and hydrological conditions, topography and landforms, soil

Comparison of paddy field and dry land area and gross domestic product (GDP) of main cities in the Yangtze River Delta

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

3

texture, groundwater depth, planting and breeding structure,
vegetation, and land use conditions should be comprehensively considered to meet the standards of farmland flood
prevention, drainage, and irrigation. Classified management
should be adopted. It is advisable to transform the original
drainage ditches, blocked creeks, ponds restored from farming, etc. to reduce economic costs while improving technological advancement and practicability.
(3) Ecological cycle and smart agriculture. It is suggested
to comprehensively consider the carrying capacity of resources and the environment and analyze the local environment conditions before the ZDD engineering to improve the
pollutant interception, soil & water conservation, and biodiversity maintenance. Meanwhile, (semi-)automatic smart
water-saving irrigation and other technologies should be
incorporated to realize the recycling of wastewater from
paddy fields, reduce the labor input, and promote the revitalization of rural industries.
(4) Public participation. Landscape design elements conducive to public participation, such as science popularization
and rural cultural development, should be introduced.
Measures should be taken to protect the safety of participants.
Signs should be set up within the scope of the ZDD engineering to clarify the responsibilities of construction, operation & maintenance, and management & protection. The local
knowledge of the public should be used to improve the
technologies of ZDD engineering.

4 Design requirements of ZDD engineering
for agricultural wastewater from paddy fields
The water supply and irrigation in the construction of ZDD
engineering for agricultural wastewater from paddy fields is
generally designed in accordance with the fifth-level water
conservancy projects and fifth-level hydraulic structures. The
permanent hydraulic structures of flood control and drainage
projects and the drainage standard should be determined
according to the flooding frequency of once in 20 years and
once in 10 years, respectively. The waterlogging prevention
standard should ensure that the groundwater level drops
below the waterlogging resistance of crops within a certain
period of time after rainfall and irrigation to maintain the normal
growth of crops [7]. The irrigation system should be designed
based on the original water source and ensure the reliability of
water resources above 90%. The pipe-buried facilities, pumping
stations, roads, and pipelines need to be comprehensively considered, planned, and managed. Additionally, the design should
guarantee that crops will not suffer from drought even without
rainfall during the peak period of irrigation.
(1) Irrigation system. Irrigation pipelines should be laid
out according to the terrain, fields, roads, etc. The delineation
of irrigation areas should be combined with the distribution
of the fields. The irrigation area of each group should be
made equal (0.2–0.3 hectare) to ensure that the total flow of
the same area is roughly equal.

(2) Ecological interception ditch. An ecological interception ditch is composed of main drainage ditch, ecological
interception auxiliary facilities, plants, and other parts. It
should be constructed according to the irrigation scale, terrain, transportation, and farming conditions. It is suggested to
use the original irrigation and drainage ditch for reconstruction. The section design of ecological interception ditch
should take into account safety, stability, and economy. The
length of the main ditch should be more than 300 meters. The
bottom width and depth of the flow-through section should be
no less than 0.4 meters. The slope coefficient should be determined after the comprehensive consideration of construction requirements, soil quality, ditch depth, beauty, and
durability, which is usually 1:3. The junction between ditch
wall and soil should not be lined or built with impervious
protection surface. Instead, interlocking hydraulic bricks that
have strong stability and are conducive to the colonization of
slope protection plants can be used. The ecological interception auxiliary facilities should at least include control gate,
water barrier, sediment capture well, and nitrogen & phosphorus removal module. Besides, ecological floating islands
and permeable dams can be built. The nitrogen and phosphorus removal module should be installed in the sediment
capture well and filled with porous substrates (e.g., ceramsite
and volcanic rock) with good nitrogen and phosphorus adsorption performance and stable structure. The sediment
capture well should have a width no less than the ditch bottom width and a length longer than 1 meter. The module
should have a width of more than half of the sediment capture
well width and a thickness of more than 0.1 meters. The
plants in the ditch should be mainly native submerged,
emergent, and slope protection plants.
(3) Ecological storage pond. The pond has the dual functions of water purification and storage and can be reconstructed from the surrounding ponds restored from farming.
The pond should be planted with aquatic plants suitable for
the local environment, in which ecological floating islands
can be built. Considering the ecology, economy and material
sources, the following two methods can be used for the slope
protection of ecological storage pond. (1) Interlocking hydraulic bricks (1:2.5) can be used to protect the slope below
the normal water level. The slope foot can be built with plain
concrete and the slope above the water level can be protected
by turf. (2) The natural slope can adopt the 1:3–1:5 structure
for protection. Specifically, aquatic plants can be planted on
the slope below the normal water level, and low shrubs or turf
can be planted on the slope above the normal water level and
on the platform behind the embankment to stabilize the soil &
slope, beautify the environment, and guarantee the safety.
(4) “Three tanks and two dams.” “Three tanks and two
dams,” located at the back of the ecological storage pond, are
composed of sedimentation tank, filter dam, aeration tank,
filter dam, and purification tank. The sedimentation tank has
the main function of depositing large particles, the area of
which should account for 40%–50% of the total area of the
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three tanks and two dams. In order to prevent the sudden
increase in water volume or the sand content in incoming
water in the flood season, artificial measures can be adopted
to promote settlement in case of emergency. The area of the
aeration tank should account for 15%–25% of the total area.
A certain proportion of bionic aquatic plants should be deployed in the tank to fully oxidize the organic matter. The
bottom and wall of the aeration tank should be hardened or
protected with cement board to prevent the aeration head
from being blocked by the too high concentration of suspended matter in the water. As the last barrier for paddy field
wastewater to enter the receiving water, the purification tank
should account for 30%–45% of the total area. Aquatic
plants, bionic water plants and other materials should be
configured in the tank. Microbial agents should be added
together with the plants to accelerate the decomposition of
organic matter in the water. The wall of the purification tank
should be protected by turf or low shrubs. The two-stage filter
dams are installed at the back of the sedimentation tank and
the aeration tank respectively. Hollow bricks and crushed
stones can be used to build the external walls. Filter materials
with different particle sizes should be placed inside the dam.
A blocking net with fine mesh material should be installed in
front of the dam to intercept floating objects such as fallen
leaves. Plants should be planted on the dams, and attention
should be paid to flood-discharge supporting facilities during
the flood season.
(5) Ecological purification zone. This purification zone is
designed in the river section receiving the wastewater from
paddy fields and is mainly composed of bionic aquatic plants
and aeration facilities (including aerators, aeration head and
other components). Bionic aquatic plant is an ecological
product made of carbon fiber, like submerged plants. Its good
adhesion and adsorption can provide space for the adhesion
of biofilm, which promotes the sedimentation of small suspended solids. Bionic aquatic plants that do not need to undergo photosynthesis can be arranged more than 1 meter deep
under water surface, and the length of the plant distribution
can be flexibly determined according to actual conditions.
The plants should sink to the bottom and be evenly distributed on the flow section, which can achieve the best water
conservancy conditions and avoid cutoff. The aerators should
be mainly arranged in the area where the bionic aquatic plants
are concentrated, with the interval (greater than 100 meters
are preferred) depending on the river width. There should be
no obvious large bubbles on the water surface during work.
The distance between the aerator and the bionic aquatic
plants should be controlled at about 5 meters.

combine the environment, bioengineering, water conservancy, and construction engineering technologies. In this way,
the agricultural wastewater from paddy fields will not directly flow into the surrounding receiving water. Meanwhile,
the wastewater is intercepted to reduce pollution, and then
treated and used for irrigation. In this manner, ultra-low
discharge of agricultural wastewater can be achieved. Considering the natural conditions in different regions, we proposed three modes of the ZDD engineering in this paper
(Figure 3).
Mode 1: Open. This mode should be adopted in the areas
without ponds restored from farming, blocked creeks, and
conditions for the construction of storage ponds. The construction
route:
farmland–ecological
interception
ditch–ecological purification zone–receiving water.
Mode 2: Semi-enclosed. This mode should be adopted in
the areas with the conditions to build storage ponds while
without ponds restored from farming and blocked creeks. The
construction route: farmland–ecological interception
ditch–storage pond–ecological purification zone–receiving
water.
Mode 3: Fully enclosed. This mode should be adopted in
the areas with ponds restored from farming and blocked
creeks. The construction route: farmland–ecological interception ditch–storage pond–“three tanks and two dams
(sedimentation
tank–filter
dam–aeration
tank-filter
dam–purification
tank)”–ecological
purification
zone–receiving water.
Among the three construction modes, the fully enclosed
mode is characterized by prominent innovation. It combines
the theories of farmland water conservancy and ecological
engineering and integrates the common key technologies of
smart irrigation and ecological interception. Moreover, the
main chain of farmland–ecological interception ditch–
storage pond–“three tanks and two dams”–ecological purification zone–receiving water reduces the discharge of nitrogen and phosphorus and promotes resource recycling,
which is conducive to high-quality development of agriculture. In the Yangtze River Delta region, the ZDD engineering
for wastewater from paddy fields has good applicability and
generalizability. Its core content, i.e., ecological interception
ditch, has been listed as a provincial-level class I assessment
index of Five Water Treatment (sewage treatment, flood
prevention, waterlogging drainage, water supply, and water
saving) in some provinces (such as Zhejiang) in the Yangtze
River Delta region.

5 Construction modes of ZDD engineering for
agricultural wastewater from paddy fields

6 Construction cost and expected ecological
benefits of ZDD engineering for wastewater
from paddy fields

The ZDD engineering for agricultural wastewater from
paddy fields mainly adopts pollutant control measures that

According to actual construction costs in Zhaojiadou of
Pinghu, Xitang of Jiashan, and Hongqiyang of Tongxiang in
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Figure 3

Construction modes of zero-direct discharge engineering for wastewater from paddy fields

Jiaxing City of Zhejiang Province, we estimated the costs of
the three construction modes. (1) For the open mode, the
construction cost per hectare is about CNY 27 000, and the
capital is mainly used for the construction of ecological
interception ditch. (2) For the semi-enclosed mode, the
construction cost per hectare is about CNY 49 500, and the
capital is mainly used for the construction of the
semi-automatic water-saving irrigation system (CNY 22
500 per hectare on average) and ecological interception
ditch (about CNY 27 000 per hectare). (3) For the fully
enclosed mode, the construction cost per hectare is about
CNY 81 000, and the capital is mainly used for the construction of the intelligent water-saving irrigation system
(about CNY 33 000 per hectare), the construction of
pumping station + gate (about CNY 7 500 per hectare), the
ecological restoration of blocked creeks (about CNY 4 500
per hectare), and the construction of ecological interception
ditch (about CNY 36 000 per hectare).
In view of the differences in the economic development
level of the cities in the Yangtze River Delta region, it is
recommended that cities with the GDP above the medium
level, such as Shanghai, Suzhou, Hangzhou, Nanjing,
Ningbo, Wuxi, Hefei, Nantong, Changzhou, Wenzhou,
Yangzhou, Shaoxing, and Yancheng (Figure 2), can adopt a
combination of fully enclosed mode (10%) + semi-enclosed
mode (90%). Other cities with the GDP below the medium
level can adopt a combination of fully enclosed mode (5%) +
semi-enclosed mode (45%) + open mode (50%). In the engineering construction planning, it is recommended that the
fully enclosed mode should be adopted in the area of drinking

water source protection; the semi-enclosed mode should be
adopted in the areas with national-control and provincialcontrol sections; the open mode should be adopted in other
rice production areas.
In accordance with the local natural conditions and financial budget, each city can carry out the construction of ZDD
engineering of wastewater from paddy fields in a planned
way and in batches. During the first five-year construction
period, the project can be planned and constructed in 20% of
the total area of the local paddy fields. In the Yangtze River
Delta region, the first five-year construction for ZDD engineering of wastewater from paddy fields in all the cities will
need a total of CNY 75.5 billion (Figure 4). The project can
reduce the annual nitrogen and phosphorus emissions from
the paddy field wastewater by 28 000 tons and 591 tons,
respectively (which are calculated based on the standard that
open mode, semi-enclosed mode, and fully enclosed mode
reduce 30%, 50%, and 70% of the emissions of nitrogen and
phosphorus, respectively, Figure 5). According to the Scheme
for Regional Compensation of Environmental Resources in
Jiangsu Province (for Trial Implementation), the Pilot Program of Regional Compensation for Environmental Re①
sources in the Taihu Basin of Jiangsu Province , and the
compensation being CNY 100 000 for one ton of pure nitrogen (ammonia nitrogen) and total phosphorus removed
from the water, we estimated an average annual saving of
CNY 2.8 billion in eco-environmental governance cost.
Moreover, the five-year cumulative ecological economic
benefits can reach CNY 14 billion (Figure 4).

______________________________________
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Figure 4 Construction investment and ecological economic benefit of zero-direct discharge engineering for paddy fields in the Yangtze
River Delta region

Figure 5 Mitigation of nitrogen (a) and phosphorus (b) exports by zero-direct discharge engineering for paddy fields in the Yangtze River
Delta region

7

Conclusions and recommendations

The Yangtze River Delta region carries two national
strategies of rural revitalization and regional integrated

development of the Yangtze River Delta. Therefore, promoting the construction of ZDD engineering of wastewater
from paddy fields in the Yangtze River Delta region is in line
with the national policy for the control of agricultural

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

7

non-point source pollution. It is recommended to give full
play to the demonstration and leading role of this region in
the construction of ZDD engineering of wastewater from
paddy fields, which has reference significance for promoting
the treatment of agricultural non-point source pollution in the
surrounding areas. To further promote the smooth implementation of the construction of the ZDD engineering of
wastewater from paddy fields in this area, we put forward
three recommendations.
(1) It is recommended to promote water-saving irrigation,
ecological ditch interception, water purification by storage
pond, construction of ecological purification zone, and pollution control of initial rainfall runoff based on the regional
characteristics, geographic characteristics, structure and scale
of planting and breeding, and the actual conditions of ponds
restored from farming, storage ponds, and blocked creeks.
The construction mode should be chosen according to local
conditions to upgrade the technologies for the prevention and
control of agricultural non-point source pollution.
(2) The ZDD engineering for wastewater from paddy
fields can be combined with the construction of high-standard
ecological smart paddy fields. The involved intelligent operating system and automated operation mode can help to improve the modernized agricultural management and reduce
the work intensity of management personnel. The construction experiences from the ZDD engineering and the ecological interception purification technology are the momentum
for the green transformation of agriculture and can provide a
replicable and extendable engineering template for the
treatment of agricultural non-point source pollution in similar
regions in China. The technologies are expected to lead the
development of smart pastoral management systems in the
future. Moreover, they could promote the treatment of

agricultural non-point source pollution, as well as the
technological progress in the prevention and control of water
pollution in river basins.
(3) The ZDD engineering of wastewater from paddy fields
can be fully integrated with the construction of beautiful
villages, which will improve the landscape in rural areas. The
integration of the ZDD engineering with agricultural technology, recreation, agricultural sideline products, farming
activities, and culture can thus be achieved. This will expand
the industrial chain of modern agriculture, stimulate the
multiplier effect of modern agriculture, and promote rural
revitalization.
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